Quality control and assurance of the pharmaceutical formulations possess a significant role specifically when formulations are manufactured. Their quality screening and control has to be performed in order to provide safe and genuine product to the public. Even after approval, they must go for periodical evaluation. To solve the purpose thin layer chromatography, infrared spectroscopy (IR), high performance liquid chromatography (HPLC), mass spectrometry (MS), colorimetric methods, dissolution assay and visual inspection are considered as well established and pharmacopoeial recognized techniques for transitional development and routine quality estimation.\[[@ref1][@ref2]\] However, there are certain complications with most of these pharmacopoeial approaches such as the resource intensive and invasive nature of the analysis, consumption of organic and inorganic solvents, require sample preparation and generate hazardous waste. For these reasons, efficient analytical approaches with rapid, reliable, and non invasive nature are required primarily for routine drug analysis specifically for a large number of samples. Hence to overcome such difficulties fourier transform (FT) near infrared spectroscopy (NIRS) has already been proven as a significant analytical technology not only for pharmaceutical product quality estimation but also for detection of counterfeit or spurious drugs at a very low cost with little or no sample preparation.\[[@ref1]\] Additionally it can be used in a broad diversity of applications such as in food and agriculture industries, raw material, and biomedical analysis.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] Being a nondestructive approach, it is also very advantageous for particle size determination, hardness, and moisture content of the samples.\[[@ref8]\] In short, this technique requires no large sample, produce no waste, and it minimize analysis time from hours to minutes.

Development of NIRS model requires chemometric analysis in combination with NIRS that defines the scope of NIRS procedure used for the intended purpose.\[[@ref8]\] Chemometric like principle component analysis (PCA), partial least square (PLS), principal component regression (PCR), discriminant analysis (DA), and Soft Independent Modeling of Class Analogy (SIMCA) are some of the widely used methods.\[[@ref1][@ref9]\] Pretreatment of the spectrum are prerequisite for accurate and precise result thus the most common preprocessing approaches such as first and second derivative transformation, Savitzky--Golay filtering, Norris derivative filtering, standard normal variate (SNV), multiplicative scatter correction, peak ratio or normalization, and sometimes spectral subtraction or a combination are some fundamental necessity.\[[@ref3][@ref10]\] These are excellent for differentiation between samples and spectral differences.\[[@ref11]\] However, they require expertise and supervision to avoid unstable calibration model.

European Medicine Agency has published guidelines for the NIRS calibration and validation, otherwise except this no harmonized regulations are established or drafted.\[[@ref8]\] However, NIRS has already been incorporated as an established monograph in United State Pharmacopoeia, European Pharmacopoeia and Indian Pharmacopoeia (IP). In spite of its extensive acceptability in pharmaceutical industries, it lacks specific monograph of pharmaceuticals for a multivariate method of quantification.\[[@ref5]\] And specifically this technique remains largely unexplored in India notably in drug products quality testing.

Antibiotics medicines are life saving commodities since they cure, treat, prevent and mitigate the infectious condition, thereby they are safeguarding the public health. Antibiotics like ampicillin, amoxicillin (AMOX), co-trimoxazole, gentamicin, erythromycin, and ciprofloxacin are the most counterfeited products globally.\[[@ref12]\] Globally, AMOX is among the most prescribed drugs and produced at large scale.\[[@ref13]\] Surprisingly it was at the top of the World Health Organization (WHO) list of 47 antibiotics in 2010 being the most counterfeit active ingredient in the world.\[[@ref14]\] Poor quality, insignificant amount or no active pharmaceutical ingredient (API) in drug products tend to cause grievous consequences such as mortality and morbidity.\[[@ref15]\] Such situation also accounts for drug resistance and adverse clinical outcomes such as lack of therapeutic effects, treatment failure, toxicity, and side effects.\[[@ref12][@ref16]\] On such grounds, monitoring and quality profiling of large numbers of pharmaceutical products by fast, efficient and inexpensive analytical method are highly demandable for drug regulatory authorities.

Dry formulations can be evaluated noninvasively on reflectance mode\[[@ref1]\] while liquid formulations on transmission mode using NIRS.\[[@ref17]\] Contrary to transmission mode, reflectance measurement impart the remarkable bulk chemical information with small particles size and also with lambertian (diffuse reflectors) surfaces; it is mainly because it is not predominantly affected by surface scattering or reflectance losses due to the exclusion of major portion of the specular component.\[[@ref18]\] Many researchers have been worked on NIR-chemometric models for the qualification and quantitation of AMOX,\[[@ref5][@ref6][@ref13][@ref19]\] however qualitative identification model which can identify AMOX in capsule powder means formulations which are analogous to commercial market products; and quantitative analysis of same API in these formulations has not been reported previously so that it could be used for market products evaluation. Therefore using our developed spectral library, we designed a model based on diffuse reflectance that can be used for AMOX identification and quantification in capsule formulations which were very similar to commercial products. Adding new spectra of new AMOX product or batch will update calibration model which will facilitate an easy and direct comparison between different products without the use of reference samples in future.

Evaluation with conventional HPLC method requires sample preparation and is expensive, sample destructive, and time consuming.\[[@ref20]\] Therefore, a NIR-chemometric method is intended to be an alternative of the reference HPLC method for its reliability and time saving features. Additionally to provide the robustness, some generic AMOX commercial capsules were evaluated as independent validation samples using the predictive model.

Materials and Methods {#sec1-1}
=====================

Materials, instruments and softwares {#sec2-1}
------------------------------------

Amoxicillin trihydrate, magnesium stearate, and croscarmellose sodium were provided as gift samples by Ranbaxy Laboratories Ltd., India, while microcrystalline cellulose-avicel and colloidal silicon dioxide-aerosil was provided as gift samples by FMC Biopolymer Brussels, Belgium and Evonik Industries, Germany, respectively.

Amoxicillin trihydrate reference standard (RS) and cefadroxil RS were directly procured from Sigma Aldrich. HPLC grade acetonitrile (Lichrosolv), potassium dihydrogen phosphate (LiChropur), potassium hydroxide guaranteed reagent grade were procured from Merck (India). Polytetrafluoroethylene filter of 0.45 µm and nylon filter of 0.20 µm pore size from Millipore system (Millipore Inc., USA) was used throughout the HPLC analysis. All AMOX commercial samples used in this study were purchased over the counter from the open market of Northern India.

A Thermo Scientific Antaris II FT-NIR analyzer equipped with an integrating sphere coupled with indium gallium arsenide detector was employed to generate diffuse reflectance spectra, and data were collected by means of inbuilt RESULT software. A HPLC (Waters, Milford, MA, USA) equipped with Alliance 2695 separations module and 2996 photodiode array detector was used in reference analysis using octadecylsilane bonded C-18 (250 mm × 4.6 mm, 5 µm) column. All samples during analysis were weighed using TB-215D (Denver Instrument, Germany) analytical balance.

All chemometric data analysis and modeling were carried out using Chemometric Software Package TQ Analyst 7.2.0 (Thermo Fisher Scientific Inc., MA, USA), along with the R Version 3.0.3 and Statistical Software MATLAB version 7.6.0 (MathWorks, Natick, USA).

Methods {#sec2-2}
-------

### Capsule content formulation {#sec3-1}

Capsule formulation was comprised AMOX trihydrate equivalent to AMOX used as an API in a range of approximately 50--110% of 250 mg AMOX. This range was grounded on to have more formulations and maximum variability. Total content was fixed at 400 mg based on commercial capsule size available in the market for 250 mg AMOX that is one (hard gelatin capsule size). Label claim with 100% of API, in this case, was 250 mg AMOX making this a high-dose capsule. Four common excipients for AMOX capsule were microcrystalline cellulose, magnesium stearate, croscarmellose sodium, and colloidal silicon dioxide and their selection was based on a short survey of the United States National Library of Medicine portal where various AMOX capsules belong to different companies including the Indian Companies with their ingredient were mentioned,\[[@ref21]\] and their added quantity was derived from available monographs.\[[@ref22]\]

AMOX and added excipients at different quantity were formulated by quadratic mixture modeling\[[@ref23]\] and blended. A NIR preliminary study was accomplished to determine the optimum number of scans for each sample and number of latent variables. This study proclaimed 32 scans and for maximum variability it entailed six latent variables (LVs). Therefore as per the ASTM guidelines for sample set during method development which define 6× (number of LVs + 1) sample for calibration and 4× (number of LVs) for validation set were opted out.\[[@ref5]\] Samples were formulated accurately, providing inconsiderable variability to create a stable calibration model. A total of 78 compositions were prepared by weighing appropriate amount of ingredients on highly sensitive analytical balance stored in 10-mL scintillation vials and ordered mixing were done manually. Samples were formulated accurately, providing inconsiderable variability to create a stable calibration model.

Near infrared spectroscopy data acquisition {#sec2-3}
-------------------------------------------

This study was accomplished in three stages; model development with optimization, validation and model applicability on real samples. Method development with optimization was determined with a set of 50 calibration standards known as a training set and validated with 28 validation standards known as test set containing the same original AMOX range as in calibration samples.

A placebo of all excipient in equal amount was also formulated, and the total content of each formulation was divided into three aliquots. Simultaneously spectra were recorded in triplicate using integrating sphere in diffuse reflectance mode at 8 cm^−1^ resolution over the spectral range of 4000--10,000 cm^−1^. To avoid the error during NIRS, each spectrum was acquired after shaking or whirling of the sample vial for mixture homogeneity as per recommendations,\[[@ref18]\] with 32 scans corresponding to measurement time on few seconds. Hence, 711 spectra were procured totally on account of 78 formulations including placebo. [Figure 1](#F1){ref-type="fig"} shows the pure NIR raw spectrum of AMOX and a similar molecule cefadroxil and all excipients except colloidal silicon dioxide.

![Full range raw near infrared spectroscopy mean spectra (a) amoxicillin active pharmaceutical ingredient, (b) microcrystalline cellulose, (c) magnesium stearate, (d) croscarmellose sodium, (e) placebo, (f) cefadroxil reference standard](JPBS-8-152-g001){#F1}

Before developing chemometric model, a standard analysis of variance between two randomly selected calibration standards was checked for feasibility, and a high value of F-ratio showed sufficient variation between the samples thus allowed us to continue for method development. Every time before scanning, powdered sample in the vial was rotated and not tapped, as tapping can cause particles segmentation which may give greater density at the bottom of the powder sample and hence increase the reflectance.

Reference Method {#sec1-2}
================

IP prescribes IR and HPLC for identification and assay respectively for AMOX trihydrate product.\[[@ref2]\] Thus being highly sensitive; HPLC was preferred for both identification and assay. The peak homogeneity of each chromatogram was expressed in terms of peak purity values. Resulted assay values were used as reference values in NIR-chemometric model development.

Chemometric method development for identification {#sec2-4}
-------------------------------------------------

On the ground of mahalanobis distance, kennard-stone algorithm\[[@ref24]\] was used for selecting 50 calibration standards out of 78 formulations as shown in [Figure 2](#F2){ref-type="fig"} using the prospectr package in R Software (The Comprehensive R Archive Network).\[[@ref25]\] For developing AMOX identification model DA algorithm was applied on 50 standards, a mean spectrum of pure AMOX API and six mean spectra of placebo. However, three outliers were observed, and the model was optimized after removing two outliers except placebo, as it was included by choice to make the model more accurate.

![Determination of calibration/training set (blue solid circles) using kennard-stone algorithm for 50 samples out of 78](JPBS-8-152-g002){#F2}

Chemometric method development for quantitation {#sec2-5}
-----------------------------------------------

Same 50 calibration standards were utilized for quantitative analysis using two well known factor analysis based multivariate techniques that are PCR and PLS. Each spectrum was pretreated with various data processing techniques. Initially a calibration curve between reference value and NIR predicted values was plotted using six factors and resulted in 0.9861 of correlation coefficient with root mean square error of calibration (RMSEC) of 3.68% which are not justifiable. Like identification model, there were three spectral leverages found in this evaluation as done by the Chauvenet test\[[@ref26]\] as shown in [Figure 3](#F3){ref-type="fig"}, where except placebo two other outliers were removed.

![Outlier detection plot for calibration/training set. High leverage value shows outlier](JPBS-8-152-g003){#F3}

For applying chemometric on spectral data for creating the calibration; spectral pretreatment methods and wave number range of interest must be selected. Being the multivariate method, the entire range found to be rich in information was considered. However, during optimization of the model, regions of interest were selected accordingly.

Several chemometric models were developed, as mentioned in electronic supplementary material (ESM) data [Table S1](#T1){ref-type="table"}, to demonstrate the ability of NIRS. Model accomplished covering multivariate algorithm such as PLS and PCR followed by leave one out cross validations. Based on the *P* value of intercept and slope along with minimum RMSEC and root mean square error of prediction (RMSEP), many models were filtered out and ultimately a PLS model finally opted based on latent variable, root mean square error of cross-validation (RMSECV) value. Therefore the method, in this case, used a PLS algorithm with SNV as scattering correction. It is feasible to identify from second derivative spectra, two regions of high correlation, especially located from 5064 cm^−1^ to 5253 and 8573 cm^−1^ to 8674 cm^−1^ (ESM [Figure S1](#F4){ref-type="fig"}). The first region corresponds to the fundamental combination band of OH stretching and CH bending while the other region corresponds to a second overtone of C-H bending. Thus, this model was not only based on purely mathematical calculation but was an artifact corresponds to the notable spectral region.

###### 

Linear regression parameter with *P* value and RMSE values of the calibration models for optimization

![](JPBS-8-152-g004)

![Region of interest (a) and (b) in the second-derivative spectra of calibration/training set](JPBS-8-152-g005){#F4}

Chemometric method validation for identification {#sec2-6}
------------------------------------------------

For validation, samples must be independent and cannot be included in the training set during development. Samples used as independent validation set were divided into two sets; internal validation set or test set, and external validation set.

The test set was comprised 28 samples. And since ampicillin classifies as penicillin; and cefadroxil belongs to cephalosporin family which is much similar to penicillin class, therefore, external validation set included the commercial product of each ampicillin and cefadroxil along with three AMOX commercial products. In addition, for the specificity of the model, cefadroxil RS was included in the external validation set as the negative control to design a robust model.

Chemometric method validation for quantitative analysis {#sec2-7}
-------------------------------------------------------

There were 28 samples used as the internal validation sample. In accordance with the recommended validation parameters by EMA and ICH guidelines like specificity, linearity, accuracy, precision, and robustness; demonstration for quantitative analysis were covered using five independent formulations and three commercial real capsules as external validation set.

Results and Discussion {#sec1-3}
======================

Identification model development and validation {#sec2-8}
-----------------------------------------------

The detection and the subsequent identification of AMOX relied heavily on the overtone region of the NIRS spectra. Using the DA algorithm mean spectrums of three aliquots for each sample in triplicate were calculated and distribution model generated by estimating the variance at each data point of spectrum in the range of analysis. Identification model was optimized on 48 samples training set. Principle component (PC) 1 to PC2 accounted for 87.71% of the total variance in the data, with PC3 and PC4 accounting for the 10.87% and up to PC6 data describe the 99.8% variability.

Specificity of the model was evaluated with cefadroxil RS as a negative control. The result suggests that the proposed model was well efficient to differentiate AMOX from cefadroxil and ampicillin also as depicted in [Figure 4](#F5){ref-type="fig"}.

![Identification of amoxicillin sample with respect to distance to amoxicillin-based on discriminant analysis algorithm](JPBS-8-152-g006){#F5}

Quantitative model development and validation {#sec2-9}
---------------------------------------------

NIRS quantitative method was established to explore the quantity of AMOX in AMOX trihydrate capsule formulations. A quantitative model was optimized on 48 samples training set using PLS with latent variable up to four which shows maximum spectral information as shown in Figure [5a](#F6){ref-type="fig"} and [b](#F6){ref-type="fig"}. However, before removal of outliers LVs were six. As a result, four LVs a good correlation coefficient was found to be 0.9937 with RMSEC 2.17%. In this context, [Figure 6a](#F7){ref-type="fig"} shows calibration curve and [Figure 6b](#F7){ref-type="fig"} shows the residual for the training set. The accepted PLS models were eventually used to predict the AMOX in 28 samples test set. The accuracy of the NIRS prediction equation was then evaluated using linear regression analysis between NIRS-predicted values and those acquired by the reference HPLC method. Therefore, RMSEP of 2.38% was estimated which indicate a high degree of correlation in this method. This correlation between the spectra and reference values was examined using established PLS method and was optimized by cross-validation. With cross-validation, each sample was eliminated one at a time from the training set, then a new calibration was executed, and a predicted score was determined for the removed sample. This mechanism was repeated until every sample had been omitted once using the leave one out method. In this case to determine the model over fitting, minimum predicted residual sum of squares (PRESS) and RMSECV of 2.43% were estimated with factor four.

![Scatter Score plot for (a) partial least square-1 partial least square-2 and partial least square-3 (b) partial least square-4 partial least square-5 partial least square-6 obtained for amoxicillin data set](JPBS-8-152-g007){#F6}

![(a) Partial least square correlation plot (b) Partial least square residual plot for the training set](JPBS-8-152-g008){#F7}

The proposed quantitative model was validated using parameters usually recommended such as accuracy, precision, linearity, and robustness in accordance with the International Conference on Harmonization (ICH) and EMA guidelines.

Accuracy {#sec2-10}
--------

Accuracy of the proposed model was obtained by performing a comparison of NIR predicted data with the reference HPLC data that was shown to be accurate conducted at low, medium, and high AMOX amount which is approximately 70%, 90%, and 110%, respectively, of the label claim. [Table 1](#T2){ref-type="table"} show the trueness of the predicted values with a reference method. In paired *t*-test with eight degrees of freedom, the obtained experimental *t*-stat value was smaller than the critical *t*-value; and high *P* - value than 0.05 alpha value shows that there is no significant difference between the proposed and referenced result with a 95% confidence level. These data show that the percentage difference between the validated NIR method and reference method is insignificant for assay and that there is a good correlation between the two methods with respect to AMOX. As a result, the proposed NIR method can be accounted as a suitable alternative to the reference HPLC method for the evaluation of AMOX capsules. Moreover, there is no official procedure for validating NIR accuracy as such; thus it may be evaluated through RMSEC, RMSEP, and RMSECV which also known as figure of merit as shown in [Table 2](#T3){ref-type="table"}.

###### 

Accuracy evaluation between proposed and reference method

![](JPBS-8-152-g009)

###### 

Validation parameters for evaluating the proposed NIR model

![](JPBS-8-152-g010)

Precision {#sec2-11}
---------

Repeatability was evaluated by inter-day precision and was performed with the same analyst on three independent validation samples and applying the model to the same formulation samples three times on three consecutive days. In this study, the precision was estimated by three determinations I, II, and III at 80%, 90%, and 110%, respectively, in triplicate as mentioned in [Table 2](#T3){ref-type="table"}. Less than 2% relative standard deviation shows that the proposed method may be considered as precise in relation to HPLC method.

Linearity {#sec2-12}
---------

Linearity correlation between the predicted values from selected PLS model and the reference value of three determinations in triplicate as 70%, 90%, and 110% was evaluated. Linear regression analysis was performed between the two used methods and the compatibility of results was estimated by general equation:

y = bx + a

where y is the NIR predicted value, x is reference value, a is intercept and b is the slope. For AMOX determination, the regression equation was y = 0.958x + 4.58, being the confidence interval for the slope (0.882; 1.035) and for the intercept (−2.35; 11.51) included 1 and 0, respectively, as mentioned in [Table 2](#T3){ref-type="table"}. Therefore within the AMOX range of the training set the proposed model for AMOX allowed a suitable linearity with *r* = 0.994 for all sample set when it is compared to the reference method as shown in [Figure 7](#F8){ref-type="fig"}.

![Linearity plot for the calibration (◯) and validation (+) samples, solid line shows the data fit](JPBS-8-152-g011){#F8}

Robustness {#sec2-13}
----------

Robustness of the proposed method was assessed through the results of three determinations in triplicates of a 100% label claim AMOX sample at three different temperatures as shown in [Table 2](#T3){ref-type="table"}. Percent RSD was less than two and result were unaffected by small and deliberate temperature variations and found no significant difference between the predicted values and the reference result, upon paired *t*-test *P* - value greater than 0.05 shows reliability and a good agreement between both analytical methods.

Model assessment on real sample {#sec2-14}
-------------------------------

The identification and determination of the content of three generic samples were carried out by applying the HPLC method reported in AMOX monograph of IP. NIR proposed identification and quantitative model was applied on same commercial products and obtained results were finally compared with the result estimated by the reference method. For identification based on DA; all three AMOX commercial sample found close in distance to AMOX formulated samples while others similar momolecules like cefadroxil and ampicillin commercial products were clearly distinguished as shown in [Figure 3](#F3){ref-type="fig"}. In quantitative analysis, content assay estimation from proposed method and reference method was compared by applying paired *t*-test which shows NIR method to be an alternative and effective method as mentioned in [Table 3](#T4){ref-type="table"}.

###### 

AMOX market products evaluation by NIR proposed method

![](JPBS-8-152-g012)

Conclusion {#sec1-4}
==========

The present analysis supports the points raised in several research articles that an NIRS in combination with chemometric analysis can perform equal to or often with very small error than the reference method. Present NIR-chemometric models implied as good correlation with the reference HPLC method. Moreover, validation result verified that developed methods were as accurate as reference analytical technique. Thus, it has been shown a feasible alternative to HPLC for the identification and assay of AMOX capsules. These models emphasize the importance of NIRS and chemometric analysis because it is fast, nondestructive and can be employed to analyze solid sample with minimal or no sample preparation.

Pharmaceutical regulatory authorities are expected to provide alternate and quick techniques for routine analysis specifically for a large number of samples and therefore in the rapidly growing area of analytical method development NIRS have been introduced as a challenging field. The proposed model will be used for identifying and assaying a large number of AMOX products quickly and may be utilized for quality profiling of spurious and substandard medicines. It takes less than two minutes to analyze a sample once the calibration model has been set up. We hope this research will stimulate the quality assessment study of other antibiotics and other category of drug products in India and in other countries as well.
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